Wittig reactions of benzaldehydes, alkanals, and cycloalkanals as well as of acetophenones are carried out with alkoxycarbonyl methylidenetriphenylphosphoranes in 10 w% aqueous NaOH, where the cinnamates and alkenoates produced are hydrolysed in situ and the corresponding acids are obtained after mostly simple extractive work-up, often without employing organic solvents. Under the same conditions, benzaldehydes are reacted with alkoxycarbonyl bromomethylidenephosphorane to produce 3-arylprop-2-ynoic acids (arylpropiolic acids).
Introduction
Cinnamic acids and their derivatives have a wide range of uses. They can have antifungal [1] and/or antimicrobial [2] activity. Applications of cinnamic acid and derivatives can be found in the cosmetic industry, where they have been employed as firming agents in formulations used in skin care products [3] . Additionally, cinnamic acids and derivatives have found use as flavorants [4] , and especially the alkoxylated and hydroxylated Alternatively, to the reaction mixture of 1y and 2a, aq. NaOH (10 w%, 15 mL) was added after 4h, and the resulting solution was kept at reflux for 14 h. Thereafter, the solution was cooled and the precipitate was filtered off. The precipitate which contains both triphenylphosphine oxide and sodium 3(E)-(9-anthranyl)propenoate (3z-Na, see below) was washed diligently with hot water, to dissolve the remainder of the salt. Acidification of the cool filtrate with half conc. aq. HCl provides a precipitate, which was filtered, washed with water and dried to yield 3-(9-anthranyl)propenoic acid (3z) (1.02 g, 85%) as a yellow solid; mp. 242˚C [Lit. mp. 245˚C [49] ]; ν max (KBr/cm When heated with 10 w% aq. NaOH, 3-(9-anthranyl)propenoic acid (3z) gives sodium 3(E)-(9-anthranyl) propenoate (3z-Na) as golden, shiny leaflets ν max (KBr/cm 4-Nitrobenzoic acid (4) and 4-nitrobenzyl alcohol (5). 4-Nitrobenzaldehyde (1w, 1.51 g, 10 mmol) and phosphorane 2a (4.87 g, 14 mmol) was given to an aq. NaOH solution (9.1 w%, 3.5 g (87.5 mmol) NaOH in 35 mL H 2 O) and the resulting suspension was stirred at 75˚C for 20 min. With the addition of 4-nitrobenzaldehyde, the solution turned dark-red. The solution was filtered, and the filtrate was extracted with dichloromethane (3 × 25 mL). Then, the aqueous solution was acidified with half-conc. aq. HCl to give 4-nitrobenzoic acid (4) (6) [50] . A mixture of 1z (835 mg, 6.84 mmol) and 2a (3.35 g, 9.63 mmol) was heated at 135˚C for 1h. Thereafter, aq. NaOH (10 w%, 10 mL) was added to the cooled mixture, and it was stirred for 12 h at rt. The precipitated triphenylphosphine oxide was filtered off, and the filter-cake was washed with water (2 × 15 mL). The filtrate, combined with the washings, was acidified with half-conc. aq. HCl. The formed precipitate was filtered, washed with water ( 2 × 15 mL) and air-dried to yield 6 (850 mg, 74%) as a colorless solid, mp. 211˚C -212˚C; IR (KBr/cm −1
(C=O)
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General Procedure B
Phenylpropiolic acid (13b). To a mixture of benzaldehyde (1f, 763 mg, 7.2 mmol) and ethoxycarbonylbromomethylidenetriphenylphosphorane (2b, 4.0 g, 9.4 mmol) was given aq. NaOH solution (10 w%, 1.8 g NaOH in 18 mL H 2 O) and the resulting suspension was stirred at 85˚C for 16 h. Triphenylphosphine oxide was filtered off the cooled solution. Thereafter, the filtrate was acidified carefully with 15 w% aq. HCl. The resulting suspension was cooled and filtered. The solid obtained was dried in air to give phenylpropiolic acid (13b, 589 mg, 56%) as a colorless solid. An analytical sample gave mp. 133˚C [Lit. 135˚C -137˚C [41] ]-ν max (KBr/cm 
Results and Discussion
When a mixture of benzaldehyde 1 and ethoxymethylidenetriphenylphosphorane (2a, 1.3 eq.) is heated in a 10 w% aq. NaOH solution, sodium cinnamates are formed by Wittig olefination and subsequent ester hydrolysis. Upon neutralization of the aqueous solutions with 10 w% -15w% aq. HCl, cinnamic acids 3 are obtained by easy filtration and drying of the solids in air. With this procedure, cinnamic acids 3 could be synthesized ( Table  1) .
Even solid 3e can be filtered off from the neutralized solution easily, as the anilinic nitrogen in 3e is not basic enough to be protonated upon careful neutralization of the reaction mixture. Most of the cinnamic acids are produced in good E-selectivity. However, for phenylpenta-2,5-dienoic acid (3p), 2,4-dimethoxycinnamic acid (3g), 2,5-dimethoxycinnamic acid (3h) and especially 3-bromo-2,5-dimethoxycinnamic acid (3i) anoticable quantity of Z-isomer is formed.
4-Nitrobenzaldehyde (1w) is not an adequate substrate for this one-pot procedure, even though 4-nitrobenzaldehyde (1w) and ethoxymethylidenetriphenylphosphorane (2a) give the Wittig product3wfacilely, when the reaction is performed in chloroform (Scheme 1). Also, the ester hydrolysis of 3w in 10 w% aq. NaOH proceeds readily, and 3x is obtained, which can be filtered off and dried after acidification of the reaction solution. Yet, in 10 w% aq. NaOH, 4-nitrobenzaldehyde (1w) undergoes a rapid Cannizzaro reaction, which would be expected to be the general competing pathway for benzaldehydes in aqueous basic media. However, with the exception of the nitro-substituted benzaldehydes, Cannizzaro is not noted to be a main side reaction for the benzaldehydes used. The reason for this may be that the Wittig olefination ensues rapidly in the lipotropic droplets formed by themixture of benzaldehyde and phosphorane, initially suspended in the aqueous solution. In the case of 4-nitrobenzaldehyde (1r) in 10 w% aq. NaOH, a deep red homogeneous solution is produced immediately, from which one of the Cannizzaro products, 4-nitrobenzoic acid (4), can be obtained facilely by extraction of the side product with CH 2 Cl 2 and acidification of the aqueous phase with subsequent extraction of the phase and crystallization of the obtained product [62] [63] . Cannizaro reaction can also be noted for 2-nitrobenzaldehyde under the conditions, and the 2-nitrobenzoic acid can be obtained easily. In the case of 1x (Figure 1) fraction. The E-isomer could not be detected. At 70˚C, triphenylphosphine oxide and the Wittig product develop liquid hydrophobic micelles. Ester hydrolysis takes place at the micelle boundary, and it may be that the ethyl (E)-p-benzyloxycinnamate, more easily forming intermolecular layers within the micelle, is not as readily accessible as the Z-isomer. It must also be noticed that under the strongly basic conditions, the benzyloxy function is not sufficiently stable and is severed to provide the hydroxy-substituted compound. That micelles play a role in the ester hydrolysis can be seenin alkyl cinnamates with larger residues, such as in ethyl phenylpenta-2,4-dienoate, where the addition of tetramethylammonium bromide [(CH 3 ) 4 NBr] leads to more yield in phenylpenta-2,4-dienoic acid (3p).
In cases, where the arylcarbaldehydes undergo Wittig reaction with alkoxycarbonylmethylidene phosphoranes slowly and only at higher temperatures at which the phosphoranes are already hydrolysed, a variant of the reaction protocol can be employed. First, the aldehyde is reacted with the phosphorane under solventless conditions at higher temperatures. Thereafter, 10 w% aq. NaOH is added to the reaction mixture, and the reaction is completed. 9-Anthranylcarbaldehyde (1t) represents such a case, where the aldehyde undergoes Wittig olefination only sluggishly due to the steric congestion around the carbaldehyde function. 1t can be reacted with 2a under solventless conditions at 130˚C [64] . Subsequent addition of aq. NaOH to the reaction and heating of the mixture gives the 3-(anthran-9-yl)propenoic acid (3z) in 85% yield (Scheme 2). It must be noted that upon cooling of the reaction, sodium 3-(anthran-9-yl)propenoate (3z-Na) crystallizes in the aqueous solution, and the resulting solid, which is comprised of the sodium salt of the acid as well as triphenylphosphine oxide, must be washed diligently with hot water upon filtration of the triphenylphosphine oxide. The precipitation was also noted in the hydrolysis of isolated ethyl anthranylpropenoate (3z-Et, R = Et) in 10 w% aq. NaOH. In that case, the precipitate can be treated directly with aq. HCl to yield anthranylpropenoic acid (3z) as a filterable precipitate.
The same solventless procedure was followed, when reacting 4-hydroxybenzaldehyde (1z) with phosphorane 2a at 140˚C for 90 min. Thereafter, the mixture was taken up in 10 w% aq. NaOH and stirred at rt for 30 min., after which the triphenylphosphine oxide was filtered off, and the filtrate acidified with half-conc. aq. HCl to give 4-hydroxycinnamic acid (6, p-coumaric acid) (Scheme 3). Previously, 4-hydroxycinnamic acid had been prepared by Horner Emmons olefination [65] with a subsequent, second hydrolysis step and via Wittig reaction with a polymer-bound Wittig reagent and a subsequent hydrolysis step [66] .
Acetophenones 7 have been subjected successfully to the one-pot Wittig olefination-hydrolysis, too ( Table 2) . In these cases, a mixture of phosphorane 2a and acetophenone 7 was heated, and thereafter an aq. NaOH solution was added. A workup identical to that described for the benzaldehydes provided the products as mixtures of E/Z-isomers. The E-isomer could be obtained in pure form by recrystallization from 1:1 v/v CH 2 Cl 2 /hexane. In order to obtain both isomers in pure form, the mixture was subjected to chromatography on silica gel (hexane/EtOAc 2:1). The reaction is dependent on the steric bulkiness of the ketone, where bulkiness in the ketone leads to a sterically congested transition state in the Wittig olefination. Thus, 1-acetylanthracene (9) does not react under the conditions to the respective acid at all. 9 reacts with phosphorane 2a sluggishly, and produces butenoate 10b after 12 h in refluxing chloroform in the presence of benzoic acid as acid catalyst only in trace amounts. Under the conditions of the one-pot Wittig olefination-ester hydrolysis, much of the phosphorane 2a hydrolyses before undergoing Wittig olefination with 9 (Scheme 4). Alkanals and alicyclic carbaldehydes 11 have also been reacted in a one-pot Wittig olefination-hydrolysis reaction. The yields of the corresponding unsaturated acids 12 were slightly lower than for aromatic aldehydes. Also, the obtained carboxylic acids could not be purified simply by crystallization through addition of hydrochloric acid to the reaction mixture. Rather, they have to be extracted after the acidification of the reaction mixture and subjected to column chromatography on silica gel (Scheme 5).
When a mixture of (substituted) benzaldehyde 1 and ethoxybromomethylidenetriphenylphosphorane (2b, eq.) is heated in a 10 w% aq. NaOH solution, arylpropiolic acids 13 can be isolated upon careful neutralization of the aqueous solution ( Table 3) . In this case, the Wittig olefination is followed by ester hydrolysis and base catalysed dehydrobromination. Phenylpropiolic acids are usually prepared by bromination and dehydrobromination of cinnamic acids [60] or by Sonogashira coupling of haloarenes with propiolates [67] . In the present communication, we are showing a facile one-pot procedure to phenylpropiolic acids with a simple extractive workup. For certain derivatives, cinnamic acids have been found as side-products. Nevertheless, the procedure in its yields compares well with that of Chenault and Dupin [59] , who employ ethoxyiodomethylidenetriphenylphosphorane in Na 2 CO 3 /methanol, followed by subsequent acid catalysed hydrolysis of the phenylpropiolates.
Conclusions
We have developed two simple procedures from benzaldehydes to cinnamic acids and to phenylpropiolic acids, respectively, utilizing a modified Wittig-olefination protocol. The reactions and the work-up are performed without any organic solvents in most cases here described. Yields are reproducibly good. The one-pot procedure of olefination and ester hydrolysis can be utilized with alkanals and acetophenones, also. Here, however, chromatographic separation of the products is necessary in some cases. In former times, the Wittig olefination reaction has not been viewed as a green reaction due to its poor atomeconomy. Recently, however, a dedicated effort has seen the development of numerous methods to recycle the toxic triphenylphosphine oxide [17] [68]- [70] that joins older methods [71] , and some of them already established in industrial processes [17] [72]. The reaction procedure described above allows for an efficient separation of triphenylphosphine oxide from the mixture upon completion of the reaction by simple filtration. Then, triphenylphosphine oxide is dried and stored and can be recycled upon accumulation from a larger number of Wittig reactions.
